Lightened turbomachine blade and its manufacturing 

process . 



5 Description 
Technical field of the invention 

The invention relates to turbomachine blades and more 
10 particularly to a structure and to a process for 
manufacturing lightened, hollow metal blades intended, 
for example, for compressor or fan rotors of bypass 
turbojets for propelling aircraft. 

15 Prior art and problem solved by the invention 

So as not to burden the description, the constituents 
of the blade are denoted and referenced in the same way 
in the case of a blank blade and in the case of a 
20 finished blade. 

Turbojet components used in aeronautics must combine 
characteristics of lightness, high vibration resistance 
and high fatigue resistance. This is the case in 

25 particular with the blades mounted around the periphery 
of bladed compressor - or fan rotors. Such blades have 
very thin airfoils that are subject to alternating 
tensile and compressive stresses that are liable to 
fracture them by the appearance and propagation of 

31 cracks in their sides. Moreover, the process for 
manufacturing such blades must be very reliable so as 
to make the intervals between quality control 
operations as long as possible. 

35 To try to achieve this result, two alternative 
technologies are conventionally employed: 

The first technology is disclosed, for example, by 
patent FR 2 688 264 and its corresponding patent 



- 2 - 

US 5 295 789. The blade is made of metal and has, on 
the pressure side, a plurality of emergent cavities 
lined with a low-density organic material, the 
lightening thus obtained being directly proportional to 
5 the total volume of the cavities, the organic lining 
ensuring continuity of the pressure side and also 
acting as a vibration damper. The drawback of this 
technology is that substantial lightening results in an 
increase in the volume of the cavities and as a 

10 consequence the blade is weakened and made more 
flexible. In addition, the resonant frequencies of the 
blade are lowered so that the damping provided by the 
lining decreases. This drawback is reduced, but not 
eliminated, with the blade disclosed by patent 

15 US 5 634 771, this blade having spars arranged to 
provide better stiffness. 

The second technology is disclosed by patent 
FR 2 754 478 corresponding to. patent US 5 896 658. The 

20 blade is made in two parts joined together by diffusion 
bonding, the joint surface between these two parts 
going from the leading edge to the trailing edges, 
stop-off treatments being applied at the places on the 
joint surface where future cavities will be, the 

25 lightening cavities being obtained by hot inflation 
after the diffusion bonding. This technology makes it 
possible to obtain blades of very high performance, but 
the manufacturing process has the drawback of being 
lengthy and expensive. 

30 

Moreover, patent FR 2 695 163 corresponding to patent 
US 5 346 613 discloses a lightened blade having, in the 
thickness direction, a plurality of emergent holes 
closed off by plugs welded around their periphery with 
35 a high-energy beam, such as a laser beam or an electron 
beam. However, this technology has the drawback that a 
large amount of material is left between the holes and 
the blade requires a very substantial amount of 
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welding, since each hole/plug pair must be welded 
around its entire periphery. 

Also known are welding processes of high performance 
and therefore able to be used in aeronautics. These are 
essentially the aforementioned diffusion bonding, laser 
beam welding and electron beam welding. Also known is a 
recent process called friction stir welding, which 
consists in making a shouldered finger made of 
refractory alloy rotate in the zone to be welded, the 
heat needed for the welding coming from the friction 
between the finger and the metal of the workpiece. This 
process is disclosed, for example by patents 
US 5 829 664 and US 5 460 317 (plates 1, 2 and 9) and 
its corresponding patent EP 0 615 480. It should be 
noted that, during the welding, the welding tool 
generates very large forces on the workpiece. 

The problem to be solved is how to design a structure 
20 and a process for the reliable and inexpensive 
manufacture of lightened blades, the blades having to 
be of high performance in terms of lightness and 
mechanical strength . 

25 Siammary of the invention 

To solve this problem, the invention proposes a 
lightened turbomachine blade comprising an airfoil made 
of a metal alloy, this airfoil itself having a leading 

30 edge, a trailing edge, two sides, a tip and a cavity 
closed off by a cover, this cover being on one of the 
two sides, called the hollowed side, this cover 
providing aerodynamic continuity of the hollowed side, 
this cover being bonded via the edge to the rest of the 

35 airfoil by a weld bead, and the thickness of the edge 
of the cover being denoted by EC. 

Such a blade is noteworthy in that the weld bead 
emerges on the hollowed side and penetrates the airfoil 
with a depth P at least equal to the thickness EC of 



10 
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the edge of the cover so as to provide continuity of 
the material between the edge of the cover and the rest 
of the airfoil over a depth at least equal to the 
thickness EC of the edge of the cover. 
5 Such an arrangement helps to increase the mechanical 
strength and the lifetime of the blade. This is because 
the continuity of material eliminates any slit in the 
vicinity of the hollowed side and perpendicular to it, 
which may exist between the cover and the rest of the 
10 airfoil, such slits constituting crack initiators 
liable to propagate along the hollowed side owing to 
the effect of the mechanical stresses generated near 
the hollowed side and directed tangentially to this 
side . 

15 

Advantageously, the width LC of the cavity is at least 
equal to half the width LP of the airfoil, the width of 
the airfoil LP being taken between the leading edge and 
the trailing edge . along the geometrical neutral line 

20 passing at mid-distance between the sides, the width LC 
of the cavity being taken between the lateral surfaces 
along the same geometrical neutral line. Such an 
arrangement makes it possible to achieve substantial 
lightening with a single cavity closed off by a single 

25 cover, thereby reducing the amount of welding to be 
done, and consequently the cost of the component. 

Advantageously, the weld bead is obtained by rotating a 
finger that penetrates from the hollowed side between 
30 the cover and the rest of the airfoil. 

Although this welding process, known as friction stir 
welding, generates very high mechanical stresses during 
welding and even though the airfoil of a blad-e is a 
35 thin component ill suited per se to withstand such 
forces, this type of welding is paradoxically 
applicable in the present case by implementing the 
process described below. This type of welding is 
particularly advantageous as it affords high welding 
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qualities and excellent reproducibility allowing 
inspection operations to be widely spaced. 



The invention also proposes a process for manufacturing 
5 such a blade, this process comprising the following 
operations : 

a) production of a blank of the airfoil, for 
example by forging or casting; 

b) cutting of the cavity in the hollowed side, for 
10 example by milling; 

c) cutting of a socket in the hollowed side, this 
socket bordering the cavity, this socket having a 
bearing surface and a lateral surface, this socket may 
also be milled; 

15 ^) production of a cover having an external 

surface with the shape of the hollowed side, it being 
possible for this cover to be obtained, for example, by 
the cutting and forming of a sheet; 

e) insertion of the cover into the socket and 
20 welding of the edges of the cover to the. rest of the 

airfoil on the hollowed side, the welding being carried 
out to a depth P at least equal to the thickness EC of 
the edges of the cover, it being possible for this 
welding to be carried out for example by a laser beam 
25 in an inert atmosphere or in a vacuum by an electron 
beam; and 

f) finishing of the blade, for example, by 
milling, grinding and surfacing. 

30 Advantageously, the welding is carried out with a 
friction welding machine of the friction stir welding 
type, this machine comprising a table and a spindle 
that are capable of relative displacements along three 
degrees of translational freedom and two degrees of 

35 rotational freedom, the spindle causing a welding tool 
to rotate about a geometrical axis of rotation, the 
welding tool having, a finger projecting from a 
shoulder, the blank being placed in a cradle attached 
to the table, this cradle having a bearing surface of 
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shape complementary to the facing side of the blank, 
the blank bearing via its side facing said bearing 
surface, this cradle also having stops surrounding the 
blank in order to position the latter laterally in the 
5 cradle, the cover being inserted into the socket, the 
whole assembly formed by the blank and the cover being 
held in place by a number of remotely controlled 
clamps, the rotating finger being pushed into the 
hollowed side between the edges of the cover and the 
10 rest of the airfoil, the shoulder then being flush with 
the hollowed side, each controlled clamp being 
retracted upon passage of the welding tool so as not to 
interfere with the latter. 

15 Such a process allows the covers to be friction-welded 
to the airfoils despite the high forces exerted on the 
airfoil by the welding tool and the thinness and 
flexibility of the airfoil and the cover. Since the 
blades are highly stressed in use, this process 

20 consequently provides high-quality welds capable of 
extending the life time of the blades. 

Description of the figures 

25 The invention will be better understood and the 
advantages that it affords will become more clearly 
apparent on looking at a detailed illustrative example 
and the appended figures. 

30 Figure 1 illustrates a blade according to the invention 
seen in perspective. 

Figure 2 illustrates this same blade in a cross section 
on the line AA in figure 1. 

35 

Figure 3 illustrates, in an enlarged view, the weld 
bead between the cover and the rest of the airfoil. 



Figure 3a illustrates, in 
initiator and the possible 
of insufficient depth. 



an enlarged view, 
cracks caused by a 



the crack 
weld bead 



Figure 4 illustrates the cover and the blank of the 
blade before assembly. 

Figure 5 illustrates the welding of the cover to the 
body of the blade. 

Figure 6 illustrates, in an enlarged view, the welding 
zone and the welding tool. 

Figure 7 illustrates another embodiment of the blade 
according to the invention, this blade having two 
cavities, two covers and a central web. 

Figure 8 illustrates, in schematic form, a blade with 
an open tip, a U-shaped weld bead and a single 
extension of the tip. 

Figure 9 illustrates, in schematic form, a blade with a 
closed tip. 

Figure 10 illustrates, in schematic form, a blade with 
a central rib welded to the cover. 

It should be noted that, for the sake of clarity, the 
blades seen in cross section in figures 2, 4^ 5 and 7 
are shown without camber and with a highly enlarged 
thickness . 

Detailed descript:ion 

Reference will firstly be made to figure 1. The blade 
10 is a well-known object comprising, in succession 
from the bottom up in figure 1: a root 20 via which it 
is fitted into a rotor (not shown) , a platform 30 and a 
airfoil 40. The airfoil 40 is thin and cambered. The 



airfoil 40 is bonded laterally at the front by a 
rounded edge called the leading edge 42, at the rear by 
a second, slimmer, edge called the trailing edge 44 and 
laterally by two sides 50. The base of the airfoil 40, 
that is to say that part of the airfoil 40 against the 
platform 30, will be denoted by 56 and the tip of the 
airfoil 40, that is to say that end of the airfoil 40 
on the opposite side from the platform 30, will be 
denoted by 60. In addition, the line constituting the 
end of the leading edge 42 will be denoted by 42a and 
the line constituting the end of the trailing edge 44 
will be denoted by 44a. The airfoil 40 is cambered, 
that is to say it forms, between the leading edge 42 
and the trailing edge 44, an arc in such at way that 
one cJf the sides 50 is convex while the opposed side is 
concave, the convex side 50 being called the suction 
side and the concave side 50 being called the pressure 
side. 

The width LP of the airfoil 40 between the end 42a of 
the leading edge 42 and the end 44a of the trailing 
edge 44 is usually defined. When the airfoil 40 is 
cambered, this width LP is taken along a geometrical 
line 4 6, called the ^'neutral" curve, passing mid- 
distance between the two sides 50. The thickness EP of 
the airfoil 40, that is to say the maximum distance 
between the sides 50, is also defined, this thickness 
EP being preferably measured from the tip 60 of the 
airfoil 40. 

Reference will now be made to figures 2 and 3. The 
airfoil 40 has, in one of its sides 50, called the 
hollowed side 50a, a cavity 70 closed off by a cover 80 
also located in the side 50a. The opposite side 50 to 
the hollowed side 50a will be denoted by 50b. In 
addition, the bottom and the lateral surface of this 
cavity 70 will be denoted by 72 and 74 respectively. 
This lateral surface 74 runs along, in succession, the 
leading edge 42, the base 56 and the trailing edge 44, 
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thus forming a the free ends of which emerge at the 
tip 60 of the airfoil 40, the cavity 70 thus having an 
opening 76 emerging at this tip 60. The external 
surface, the internal surface, the edge and the side 
5 wall of the cover 80 will be denoted by 83, 84, 85 and 
86, respectively. The external surface 82 of the cover 
80 is made to the shape of the hollowed side 50a and 
consequently constitutes that part of the hollowed side 
50a above the cavity 70. The internal surface 84 of the 
10 cover 80 faces the bottom 72 of the cavity 70. 

The material of the airfoil 40 located between the 
bottom 72 of the cavity 70 and the opposite side 50b 
constitutes a joining piece 110 that joins the leading 

15 edge~42 and the trailing edge 44 together. The minimum 
thickness of the joining piece 110 will be denoted by 
ERmin- The cover 80 and the joining piece 110 cooperate 
to stiffen the airfoil 40. For this purpose, the cover 
80 will be given a minimum thickness ECndn at least 

20 equal to 0.5 times ERmin. 

To consequently lighten the airfoil 40, the width LC of 
the cavity 70 is at least equal to 50% of the width LP 
of the airfoil, the width LC being measured between the 
25 lateral surfaces 74 of the cavity running along the 
leading edge 42 and the trailing edge 44, the width LC 
being measured along the geometrical neutral line 46. 

Preferably, but not necessarily, the cover 80 has a 
30 minimum thickness ECmin at least equal to 20% of the 
thickness EP of the airfoil 40 so that this cover 
effectively contributes to the mechanical strength of 
the airfoil 40. 

35 The cover 80 fits into a socket 90 made in the airfoil 
40 at the edge of the cavity 70, this socket 90 forming 
a step in the lateral surface 74 of the cavity 70, this 
socket 90 emerging on the side 50a in which the cavity 
70 lies. The socket 90 has a bearing surface 92 located 



-ic- 
on the inside of the airfoil 40 at a distance from the 
side 50a equal to the thickness EC of the edge of the 
cover 80, the cover 80 resting on the bearing face 92 
via its internal surface 84. In practice, the bearing 
5 surface 92 is adjacent to the lateral surface 74 of the 
cavity 70 and parallel to the hollowed side 50a. The 
socket 90 also has a lateral surface 94 adjacent to the 
hollowed side 50a, this lateral surface 94 being of 
complementary shape to the side wall 8 6 of the cover 
10 80, this lateral surface 94 forming with this side wall 
86 a small gap in order to allow the cover 80 to fit 
into the socket 90 until it is able to come into 
contact with the bearing face 92. 

15 Thus" 

• the function of the bearing face 92 of the 
socket 90 is to position the cover 80 so that its 
external surface 82 is flush with the hollowed part 
50a, that is to say this external surface 82 ensures 

20 that the hollowed side 50a is continuous so as to form 
with it neither a hollow nor a bump nor a shoulder; 

• the function of the lateral face 94 of the 
socket 90 is to position the cover 80 above the cavity 
70 so that this cavity 70 is entirely covered by the 

25 cover 80 in the hollowed side 50a. 

The airfoil 40 also has a weld bead 100 in the hollowed 
side 50a and is flush with the latter, that is to say 
not forming with it either a hollow or a bump, this 

30 weld bead 100 following the edge of the cover 80 and 
penetrating into the depth of the airfoil 40 with a 
depth P at least equal to the thickness EC of the edge 
85 of the cover 80, this weld bead 100 thus providing a 
continuous connection of material from the edge of the 

35 cover 80 to the rest of the airfoil 40 over a depth 
equal to the thickness EC of the edge of the cover 80. 

Thus, the weld bead ICQ entirely encompasses the 
lateral surface 94 of the socket 90 and the side wall 
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86 facing this lateral surface 94, this lateral surface 
94 and this side wall 86 consequently disappearing in 
the weld bead 100. Depending on its type, the weld bead 
100 may also encompass part of the bearing surface 92 
5 of the socket 90 adjacent to the lateral surface 94 of 
the socket 90, and also an identical part of the 
internal surface 84 of the cover 80 adjacent to the 
side wall 86. 

10 The continuity of material over a depth at least equal 
to the thickness EC of the edge of the cover 85 
eliminates crack initiators near the hollowed side 50a. 

In contrast, in figure 3a illustrating the prior art, 
15 the weld bead 100 has a depth P less than the thickness 
EC of the edge 85 of the cover 80. As a result, a part 
86a of the side wall 86 and a part 94a of the lateral 
surface 94 are not lying together and therefore form a 
crack initiator 102 liable to degenerate into cracks 
20 104 that propagate toward the hollowed side 50a and in 
the opposite direction into the interior of the airfoil 
40 owing to the stresses 106 tangential to the hollowed 
side 50a. 

25 In this illustrative example of the invention, the 
cavity 70 emerges at the tip 60 of the airfoil 40. 
Consequently, the weld bead 100 has an open shape in 
the form of a U starting from and terminating at the 
tip 60. This U-shape of the weld bead 100 is 

30 illustrated in figure 1. This opening makes it possible 
to lighten the airfoil 40 at its tip 60 and 
consequently lighten the complete rotor and to 
effectively reduce its moment of inertia, since this 
material, that the invention dispenses with at the tip 

35 60 of the airfoil 40, has a maximum moment of inertia 
on the bladed rotor. This opening has no effect on the 
balancing of the rotor as the centrifugal force caused 
by the rotation of the bladed rotor prevents foreign 
bodies from penetrating the cavity 70, or expels those 
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that had been able to penetrate this cavity when the 
bladed rotor was at rest. 

The weld 100 may be obtained by brazing. In this case, 
5 the lateral surface 94 of the socket 90 and the side 
wall 86 facing this lateral surface 94 are physically 
conserved. The weld 100 may also be obtained by fusion 
using an electron beam or a laser beam. 

10 However, in a preferred embodiment, the weld 100 is 
obtained by the friction stir welding process using a 
rotating welding tool in the form of a finger 
penetrating from the hollowed side 50a between the 
cover 80 and the rest of the airfoil 40, the rotation 

15 of ttie finger in the metal of the workpieces to be 
welded together providing the heat necessary for the 
welding. The inventors have found that this type of 
welding combines two qualities: 

• the weld 100 is completely uniform and has no 
20 inclusions or lack of material liable to form fracture 

initiators; 

• the weld 100 is formed in a reliable and 
reproducible manner now requiring only very widely 
spaced destructive testing. 

25 

The inventors explain the excellent uniformity and 
reproducibility of the weld as follows: owing to the 
effect of the heat generated, the metal around the 
rotating finger is brought into the plastic state and 

30 undergoes a swirling motion around this finger with a 
decreasing velocity gradient upon going away from the 
finger, such a movement causing the metals of the cover 
and of the rest of the airfoil to mix and absorbing any 
porosity shrinkage cavities usually found in the case 

35 of welding components by fusion of the alloy. 

We will now describe a detailed example of a process 
for producing a blade according to the invention. To do 
this, reference will be made simultaneously to 
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figures 4, 5 and 6. This process comprises the 
following operations : 

a. the production of a blank 10a of the complete 
5 blade 10, that is to say having the root 20, the 

platform 30 and the airfoil 40. The airfoil 40 of the 
blank 10a is cambered to its final shape. The term 
""blank" is understood to mean the workpiece with the 
shape of the finished blade, but with less precise 

10 dimensions and with excess thickness of material that 
will subsequently be removed by finishing operations - 
Depending on the materials used, this blank 10a may be 
produced by standard forging and machining processes or 
by casting. The blank 10a has, at the tip 60, at least 

15 one extension 62 shown by the broken lines in figure 1, 
this extension 62 being located in a region beyond that 
which the final blade 10 will occupy, this extension 62 
making it possible to produce the start 102 and the end 
104 of the weld bead 100 beyond what will become the 

20 final blade 10. In other words, the start 102 and the 
end 104 of the weld bead 100 are in the extension 60 
and consequently to the outside of what will be the 
finished blade 10, so that the material irregularities 
at this start 102 and at this end 104 are not in the 

25 finished blade 10. In this example, the weld bead 100 
has the shape of a U and two separate extensions 62 
have been provided at the tip 60, one for the start 102 
and the other for the end 104 of the weld bead 100; 

b. machining of the cavity 70 in the hollowed side 
30 50a of the blank 10a, this cavity 90 emerging in the 

hollowed side 50a and also at the tip 60, it being 
possible for the machining to be carried out, for 
example, by milling using standard techniques. Thus, 
the bottom 72 and the lateral surface 74 of the cavity 
35 70 will be machined by milling; 

c. machining of the socket 90 in the angle of 
material formed by the lateral surface 74 of the cavity 
70 and the hollowed side 50a. The machining may be 

" carried out, for example, by milling using standard 



- 14 - 

techniques. Thus, the bearing surface 92 and the 
lateral surface 94 of this socket 90 will be machined 
by milling; 

d. production of the cover 80 by cutting a sheet 
5 to the shape of the socket 90 and by bending to the 
shape of the hollowed side 50a of the blank. The 
thickness EC of the edges of the cover is equal to the 
depth of the socket 90 in the hollowed side 50a, that 
is to say at the distance between the bearing surface 

10 92 and this hollowed side 50a, so that the external 
surface 82 of the cover lies in the extension of the 
hollowed side 50a and can constitute the latter above 
the cavity 70. A small gap will be left, in practice 
from 0.2 mm to 0.5 mm, in order for the cover 80 to be 

15 ablen:o be fitted without any difficulty in the socket 
90 and to come into contact with the bearing surface 
92. However, this gap remains small as it causes, 
during welding, a lack of material that has to be 
compensated for by an additional thickness material 180 

20 on the hollowed side 50a and on the external surface 82 
of the cover 80. Thus, the socket 90 and the cover 80 
are dimensioned so that the cover 80 can be inserted 
into the socket 90 and bear via its internal surface 84 
against the bearing surface 92 so that the external 

25 surface 82 lies in the extension of the hollowed side 
50a, the lateral surface 94 of the socket 90 
surrounding the cover 80 and positioning the latter 
above the cavity 70 so as to cover this cavity 70 in 
the hollowed side 50a; 

30 e. next, a placing of the blank 10a flat in a 

cradle 140 on the table 130 of a friction welding 
machine (not shown) , the opposed side 50b resting on a 
bearing face 142 of the cradle 140, the blank 10a being 
surrounded laterally by stops 144 in order to position 

35 the blank 10a on top of the bearing face 142 of the 
cradle 140. Next, the cover 80 is placed in the socket 
90 and the blank lOa/cover 80 assembly is clamped in 
the cradle 14 0- The cradle 140 thus has the hollowed 
side 50a and the cover 80 facing a welding tool 170 



that rotates about a geometrical axis of rotation 172. 
The welding tool 170 comprises, in succession starting 
from its end, a finger 174 adjacent to a shoulder 
facing its end, the finger 174 and the shoulder 176 
being coaxial with the geometrical axis of rotation 
172, 

f. next, production of the weld bead 100 by 
rotating the welding tool 140 and making this tool 
follow a path in space suitable for the rotating finger 
174 to penetrate the hollowed side 50a between the edge 
of the cover 80 and the blank 10a, the shoulder 176 
being flush with the hollowed side 50a, the welding 
tool 170 starting from the tip 60 of the airfoil 40 and 
thus making the tour of the cover 80 in the hollowed 
side^Oa. It should be noted that, during welding, the 
geometrical axis of rotation 172 of the welding tool 
170 follows in space a path suitable for passing 
substantially between the lateral surface 94 of the 
socket 90 and the side wall 86 of the cover 80, this 
geometrical axis of rotation 172 arriving in the 
bearing surface 142 of the cradle 140 and defining a 
path (not referenced) therein, this bearing surface 142 
being substantially in contact with the airfoil 40 at 
least near this path. This allows the cradle 140 to 
absorb the penetration force 178 without causing the 
airfoil 40 and the cover 80 to bend; 

g. completion of the blade, that is to say the 
machining of the tip 60 and the rest of the blade 10 by 
standard methods, namely grinding, milling, surfacing 
etc. the extension or extensions 62. 

The welding machine used is of the '"five-axes" 
numerical control type, that is to say the relative 
movements of the spindle 132 of the machine relative to 
the table 130 may take place along three axes of 
translation and two axes of rotation, these movements 
being controlled by a computer program, the spindle 
rotating the welding tool 170 about its geometrical 
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axis of rotation 172 in order to cause the friction of 
this tool against the workpiece to be welded. 



The finger 174 has a sufficient length beneath the 
5 shoulder 17 6 for the depth P of the weld bead 100 to be 
greater than the thickness EC at the edge 85 of the 
cover 80. Consequently, the side wall 86 of the cover 
80, the lateral surface 94 of the socket 90 and the 
space formed by the gap that they form between them 

10 disappear in the weld bead 100 being formed, these 
spaces in the form of slits substantially perpendicular 
to the hollowed side 50a being likened to cracks liable 
to propagate and cause the blade to fracture under the 
effect of the alternating stresses on the hollowed side 

15 50a, -as illustrated in figure 3a. 

In practice: 

during the welding, the welding tool 170 
generates, in the workpiece, a substantial penetration 

20 force 178 located substantially along the geometrical 
axis of rotation 172. Consequently, the bearing face 
142 will be given a suitable shape in order to support 
the blank 10a in line with the weld bead 100 to be 
produced. In other words, the geometrical axis of 

25 rotation 172 passes through this bearing face 142 
throughout the welding. With this arrangement, the 
penetration force 178 is transmitted to the bearing 
face 142 by simple compression of the blank 10a and of 
the cover 80, without causing these two components, 

30 which are very thin, to bend; 

also during the welding, the welding tool 170 
generates a force tangential to the hollowed side 50a 
and a large moment that are liable to deform and 
laterally displace, on the one hand, the blank 10a 

35 relative to the bearing face 142 of the cradle 140 and, 
on the other hand, the cover 80 relative to the blank 
10a. 

Consequently, the stops 144 are arranged in order to 
accurately position the blank 10a, for example to less 
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than 1 mm. The stops will be strong enough to withstand 
the forces generated by the friction welding and have a 
width sufficient to distribute the forces along the 
leading edge 42 and along the trailing edge 44 without 
5 marking or deforming them. 

Also consequently, the blank 10a and the cover 80 are 
immobilized in the cradle 140 by clamps 160 that bear 
simultaneously on the hollowed side 50a and on the edge 
of the cover 80. This arrangement has the effect of 

10 gripping the blank 10a between the clamps 160 and the 
bearing face 142 of the cradle 140 in such a way that 
this blank 10a is subjected to simple compression 
allowing a very high immobilization force without 
causing any bending liable to deform it. 

15 Likewise, this arrangement has the effect of gripping 
the edges of the cover 80 and the blank 10a between the 
clamps 160 and the bearing face 142 of the cradle 140, 
in such a way that this blank 10a and this cover 80 are 
subjected to simple compression allowing a very high 

20 immobilization force without causing any bending liable 
to deform them. 

Such clamps will be remotely actuated, for example, by 
hydraulic cylinders, these clamps being retracted at 
the moment the welding tool passes, so as not to 
25 interfere with it, these clamps then being put back 
into the clamped position in order to hold the blank 
and the cover in place during the welding that 
continues. 

30 However, this type of welding introduces irregularities 
in the surface of the workpiece and in general a slight 
depression arising from the lack of material 
corresponding to the spaces an inevitable gaps between 
the workpieces to be welded. This depression is in 

35 general not greater than the additional thickness of 
material of the blank 10a, this additional thickness 
being removed by grinding and surfacing during the 
finishing operations. If this additional thickness were 
to be insufficient, a 0.2 to 0.5 mm bump 180 would be 
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formed on the hollowed side 50a, this bump 180 running 
along the blank 10a, providing an addition of material 
and being subsequently removed during the finishing of 
the airfoil 40. 

5 

Reference will now be made to figure 7, In one 
particular embodiment of the invention, the blade 10 
has a cavity 70 on each of the sides 50 of the airfoil 
40, each cavity 70 being closed off by a cover 80, each 
10 cover 80 being bonded to the rest of the airfoil 40 by 
a weld bead 100. Consequently, in this case, the 
joining piece 110 between the leading edge 42 and the 
trailing edge 44 occupies a central position between 
the two cavities 70. 

15 

Reference will now be made to figure 8. In one 
particular embodiment of the invention, there is only 
one extension 62 and this encompasses both the start 
102 and the end 104 of the weld bead 100. 

20 

Reference will now be made to figure 9. In another 
embodiment of the invention, the tip 60 of the blade 10 
is closed. In other words, the cavity 70 beneath the 
cover 80 does not emerge on the tip 60. In this case, 
25 the start 102 and the end 104 of the weld bead 100 are 
coincident or are located substantially at the same 
point on the extension 62, this weld bead 100 going 
around the entire periphery of the cover 80 and 
consequently describing a closed loop. 

30 

Reference will now be made to figure 10. In another 
embodiment of the invention, with the tip 60 being 
open, the cavity 70 has a central rib 190 welded to the 
cover 80 and illustrated by the broken lines in 
35 figure 5. The central rib 190 consequently joins the 
bottom 72 of the cavity 70 to the cover 80 and thus 
improves the stiffness of the airfoil 40 in the 
direction of its thickness. The central rib 190 is 
approximately equidistant from the lateral surfaces 7 4 , 
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adjacent to the leading edge 42 and to the trailing 
edge 44, this central rib 190 starting from the surface 
74 close to the root 20, therefore at the base of the 
U-shape, the central rib 190 going up to the tip 60. 
5 The cover 80 is also welded to the central rib 190 by a 
''central" weld bead 100', the start 102' of which is 
located on the weld bead 100 at the base of the 
U-shape, the end 104' of the central weld bead 100' 
being in the extension 62. In practice, the process 

10 will start by the production of the central weld bead 
100', its start 102' being above the central rib 190 
and on the base of the U-shape, this central weld bead 
100' following the central rib 190, its end 104' being 
in the extension 62. Next, the weld bead 100 will be 

15 produced along the edges of the cover and passing 
through the start 102' of the central weld bead 100' so 
as to absorb any irregularities in the material at the 
start 102' of the second weld bead 100'. 



